Introduction
============

Testicular germ cell tumor (TGCT) is a relatively rare disease with an incidence rate is 1.5-10.5 per 100,000 men [@B1]. It commonly occurs in young men, with peak incidence in the 20s to 30s. And in men under 45 years of age, it is the most common malignancy, accounting for 17% of all cancers in that subgroup [@B2]. Clinically, non-seminomas such as embryonal carcinoma, yolk sac tumor, choriocarcinoma and teratoma have a worse prognosis than pure seminoma [@B3]. The survival rate in TGCTs has improved since the early 1980s by the introduction of cisplatin-based chemotherapy, but treatment-resistant cases still exist [@B4], [@B5].

M-phase phosphoprotein 1 (MPHOSPH1), also referred to as KIF20B, is one of the kinesin superfamily (KIF) proteins [@B6]. KIF proteins move microtubules toward the plus-end direction with ATPase activity and play an essential role in cytokinesis, including cytokinesis in mitosis or meiosis. MPHOSPH1 has been reported to be the phosphorylated protein at the G2/M transition, and to complete the cytokinesis in the late telophase of mitosis [@B6], [@B7]. On the other hand, other articles have reported that MPHOSPH1 is a cancer-testis antigen and potentially an ideal target for cancer immunotherapy [@B8], [@B9].

MPHOSPH1 has been shown to be up-regulated in many types of cancer cells [@B8], [@B10]. In keeping with these findings, knockdown of MPHOSPH1 was shown to suppress tumor cell progression in urothelial carcinoma and hepatocellular carcinoma [@B8], [@B11]. In hepatocellular carcinoma, MPHOSPH1 knockdown was shown to stabilize p53 and inhibited phosphorylation of STAT3 [@B11]. Other investigations revealed that SOCS3 was involved in suppressing and thereby inactivating the STAT3 pathway [@B12], [@B13].

In this study, we examined MPHOSPH1, pSTAT3 and SOCS3 expression in clinical specimens by both immunohistochemistry and Western blotting. We then investigated the clinical and pathological significance of MPHOSPH1 in TGCT patients. Finally, we performed in vitro assays using embryonal carcinoma cell lines, and found that MPHOSPH1 was a potential therapeutic target.

Materials and methods
=====================

Patients
--------

In total, 75 formalin-fixed paraffin-embedded tumor samples containing a total of 86 germ cell tumor components were obtained from patients who underwent orchiectomy at the Department of Urology, Kyushu University Hospital, Fukuoka between 1990 and 2015. None of the patients had undergone preoperative chemotherapy or radiation therapy. In all the cases, the diagnosis was based on light microscopic examination with hematoxylin-eosin (HE) staining according to the most recent World Health Organization classification [@B14]. In addition, immunoperoxidase procedures were performed using the streptavidin-biotin peroxidase or universal immunoperoxidase polymer method (Histofine; Nichirei, Tokyo) when necessary to confirm the diagnosis. Consequently, 58 seminoma (48 pure seminoma and 10 seminoma in mixed tumors), 18 embryonal carcinoma (9 pure embryonal carcinoma and 9 in mixed tumors) and 10 yolk sac tumor (all in mixed tumors) were identified. We excluded choriocarcinoma variants from this study because we had only a single choriocarcinoma case, and we excluded teratoma variants because teratomas show a wide range of histologies and are thus difficult to examine by immunohistochemical staining. In addition, frozen materials were available in 12 cases (7 seminomas, 2 embryonal carcinomas, 1 mixed embryonal carcinoma and yolk sac tumor, 1 yolk sac tumor and 1 normal testis) obtained between 2004 and 2009.

This study was carried out in accordance with the principles embodied in the Declaration of Helsinki, and was approved by the Ethics Committee of Kyushu University (IRB No. 27-230).

Cell culture and reagents
-------------------------

The human embryonal carcinoma cell lines NEC8 and NEC14 were purchased from the Riken Bioresource Center (Tsukuba, Japan) and cultured in RPMI-1640 medium with 10% fetal bovine serum (FBS). The cells were incubated in a humidified atmosphere of 5% CO2 at 37℃.

Immunohistochemistry
--------------------

The immunohistochemical study was performed using the universal immunoperoxidase polymer method (Histofine; Nichirei) [@B15], [@B16]. The primary monoclonal antibodies used in this study were anti-MPHOSPH1 (NBP1-88042, dilution 1:100; Novus Biologicals), anti-pSTAT3 (\#9131, dilution 1:100; Cell Signaling Technology, Danvers, MA) and anti-SOCS3 (ab16030, dilution 1:100; Abcam, Cambridge, MA).

The nuclear expressions of MPHOSPH1 and pSTAT3, and cytoplasmic expression of SOCS3 were assessed. For scoring MPHOSPH1 and SOCS3 expression, the proportion of stained cells was divided into 5 categories as follows: 0, 0-10%; 1, 10-25%; 2, 25-50%; 3, 50-75%; and 4, \>75% of cells were stained positive. Staining intensity was divided into 4 categories as follows: 0, negative; 1, weak; 2, intermediate; and 3, strong staining intensity. Finally, we used the product of the proportion score multiplied by the intensity score for evaluation. High expressions of MPHOSPH1 and SOCS3 were defined as a product score of 9-12. This definition was chosen because, when a cut-off score of 1-7 was used, all the cases of embryonal carcinoma and 9 of 10 cases of yolk sac tumor belonged to the high-MPHOSPH1 expression group. Thus we determined 8 as the appropriate cut-off score. For scoring pSTAT3 expression, the nuclear positivity of pSTAT3 was evaluated in accordance with former reports [@B12], [@B13], [@B17]. Namely, the proportion of stained cells was divided into 3 categories as follows: 0, 0-10%; 1, 10-50%; and 2, \>50% of cells were stained positive [@B12], [@B17]. Three pathologists (T. A., K. K., F. K.) independently evaluated the immunohistochemical staining for each sample.

Western blot analysis
---------------------

Protein was extracted from the frozen samples and transfected cell lines using lysis buffer (PRO-PREP Protein Extraction Solution; iNtRON Biotechnology, Seongnam, Korea) according to the manufacturer\'s instructions. The protein concentration was quantified with a protein assay (Bio-Rad Laboratories, Hercules, CA) based on the Bradford method. A similar amount of lysate (20 μg) was separated by 12% SDS-PAGE and transferred onto polyvinylidene difluoride microporous membranes (GE Healthcare Bio-Sciences, Piscataway, NJ) using a semidry blotter. The transferred membranes were incubated overnight at f4℃ with primary antibodies for MPHOSPH1 (1:500; Novus Biologicals, Littleton, NH), pSTAT3 (1:1000; Cell Signaling Technology) and SOCS3 (1:1000, Abcam). The antibody for β-actin (1:10000; Millipore, Bedford, MA) was used as an internal control. The membranes were then incubated overnight at 4°C with secondary antibodies. The bound antibody was visualized using an ECL kit (GE Healthcare Bio-Sciences) and the membranes were exposed to X-ray film (GE Healthcare Bio-Sciences) [@B18]-[@B20]. The protein levels were standardized by actin using an image analyzer (Ez-Capture MG; ATTO, Tokyo), and the expression signal relative to the standardized signal was regarded as the level of expression for each sample.

MPHOSPH1 knockdown by small-interfering RNA (siRNA)
---------------------------------------------------

An siRNA targeting MPHOSPH1 (ON-TARGET plus Smart Pool siRNAs-siMPHOSPH1) and a non-targeting siRNA control (ON-TARGET plus non-targeting siRNA) were purchased from Dharmacon (Chicago, IL). Transfection was performed according to the manufacturer\'s forward-transfection protocol using Lipofectamine RNAiMAX (Life Technologies, Carlsbad, CA). Briefly, cancer cells (5 ×10^5^) were seeded in 6-well plates and incubated for 24 h to allow adherence. siRNAs (25 pmol) and Lipofectamine (15 ul) were diluted in 250 ul of Opti-MEM (Life Technologies) without serum, then incubated for 5 min at room temperature. The plates were washed, and 250 ul of the mixture composed of siRNA, Lipofectamine and Opti-MEM which has been prepared before was added to the seeded cells (the final siRNA concentration was 25 pmol for the cells). Then, each well was supplemented with 2 ml of RPMI-1640 with 10% FBS without antibiotics (for a final volume of 2.25 ml per well), and the cells were further incubated for 24 or 48 h. Transfected cells were used in the subsequent experiments at 24 h post-transfection.

Cell migration and invasion assays
----------------------------------

Cell migration assays were conducted with transfected cell lines using uncoated Transwell inserts (BD Biosciences, San Diego, CA).

Cell invasion assays were conducted with transfected cell lines using a 24-well Biocoat Matrigel invasion chamber (BD Biosciences) according to the manufacturer\'s protocol and the methods described previously [@B21], [@B22].

1×10^4^ transfected cells were seeded into the upper chamber in serum-free media. The outer wells were filled with media containing 10% FBS. The cells were incubated at 37°C with 5% CO2 for 24 h (migration assay) or 36 h (invasion assay), and then nonmigrating or noninvading cells were removed by wiping the chamber surface with a cotton swab. Cells that had migrated or invaded through the filter and adhered to its lower surface were fixed and stained with hematoxylin and eosin (H&E). The number of migrating or invading cells on the membrane was counted in five microscopic fields (×400). The results are expressed as the mean number of cells per field. Each assay was conducted in quadruplicate and repeated three times.

Cell proliferation assay
------------------------

Transfected cells were seeded in 96-well plates at a concentration of 5000 cells/well in serum-containing growth medium and incubated for 24 h and 48 h. Cell viability was evaluated by using a Cell Counting Kit 8 (CCK-8; Dojindo Molecular Technologies, Kumamoto, Japan) according to the manufacturer\'s instructions and previous studies [@B23], [@B24]. The absorbance at 450 nm was measured by a microplate reader (Model 680 Microplate Reader; Bio-Rad Laboratories). All experiments were done in quintuplicate and repeated three times.

Colony Formation Assays
-----------------------

Anchorage-independent growth was assessed by colony formation in soft agar as previously described [@B21]. A bottom layer of 0.35% agarose/RPMI with 10% FBS was plated on a 6-well dish. Cells (1.5 × 10^4^) were suspended in 0.3% agarose/RPMI with 10% FBS, overlaid on the bottom layer and incubated for 14 days. Colonies were stained with crystal violet (0.005%) for 60 min and counted under a light microscope.

Statistical analysis
--------------------

We used the Fisher\'s exact test and Mann-Whitney *U* test as appropriate to evaluate associations between two variables. Two-sided *P*-values less than 0.05 were considered to indicate statistical significance. The data analyses were conducted with the JMP statistical software package (version 12.0.2; SAS Institute, Cary, NC).

Results
=======

Patient characteristics
-----------------------

The clinical and pathological characteristics of the 75 patients with testicular germ cell tumor are summarized in Table [1](#T1){ref-type="table"}. The patients ranged in age from 21 to 65 years old. A total of 86 histological components, including 58 seminoma (48 pure seminoma and 10 seminoma in mixed tumors), 18 embryonal carcinoma (9 pure embryonal carcinoma and 9 in mixed tumors) and 10 yolk sac tumor (all in mixed tumors) were detected. Survival data were available in all cases. Only 2 patients died, 1 with pure seminoma and 1 with mixed tumor (embryonal carcinoma and yolk sac tumor); the remaining 73 patients survived without recurrence.

Immunohistochemical result
--------------------------

Table [2](#T2){ref-type="table"} summarizes the immunostaining results. Representative histopathological images of seminoma, embryonal carcinoma and yolk sac tumor components are shown in Figure [1](#F1){ref-type="fig"}. The embryonal carcinoma and yolk sac tumor components exhibited a higher rate of MPHOSPH1 expression compared with the seminoma component (16/18 (89%), 8/10 (80%) and 5/58 (9%) specimens exhibited high-MPHOSPH1 expression for the embryonal carcinoma, yolk sac tumor, and seminoma components, respectively). Statistically significant differences in MPHOSPH1 expression were recognized between embryonal carcinoma and seminoma, and between yolk sac tumor and seminoma (*p*\<0.001 for both). Statistically significant differences were also observed in pSTAT3 expression between seminoma and yolk sac tumor (22/58 specimens (38%) vs. 8/10 specimens (80%); *p*=0.016) and in high-SOCS3 expression between seminoma and embryonal carcinoma (15/58 specimens (26%) vs. 11/18 specimens (61%); *p*=0.002).

We next examined the relationship between MPHOSPH1 expression and clinicopathological variables, pSTAT3 expression, and SOCS3 expression. In total, MPHOSPH1 was significantly associated with younger age, high pSTAT3 expression, high SOCS3 expression and distant metastasis (*p*=0.02, *p*=0.01, *p*=0.007, *p*=0.001, respectively) (Table [3](#T3){ref-type="table"}). No significant relations were identified between any of the clinical and pathological variables (pathological T stage, lymph node status, elevated tumor markers (any of LDH, lactate dehydrogenase; AFP, alpha-fetoprotein; HCG, human chorionic gonadotropin), lymphatic vessel permeation and vascular permeation) and MPHOSPH1 expression.

We carried out an additional analysis for each histological component (Supplementary Table [S4](#SM0){ref-type="supplementary-material"}A-C). In seminoma, a significant correlation was noted between MPHOSPH1 and pSTAT3 (*p*=0.04) (Supplementary Table [S4](#SM0){ref-type="supplementary-material"}A). There were no significant correlations between MPHOSPH1 and the other parameters. In embryonal carcinoma and yolk sac tumor, no significant association was revealed between MPHOSPH1 and any of the clinicopathological parameters (Supplementary Table [S4](#SM0){ref-type="supplementary-material"}B and S4C).

MPHOSPH1 expression analysis in frozen samples
----------------------------------------------

Next, we conducted a protein analysis in 12 frozen samples by Western blotting (Fig. [2](#F2){ref-type="fig"}). Compared with normal testicular tissue, all cases of TGCTs showed high expression of MPHOSPH1. Moreover, the embryonal carcinoma and yolk sac tumor samples expressed higher levels of MPHOSPH1 than seminoma. We then compared the immunohistochemistry score and the protein level standardized by that of actin. These values were almost concordant with each other, and thus the immunohistochemical evaluations of MPHOSPH1, pSTAT3 and SOCS3 were shown to be reliable.

MPHOSPH1 knockdown by small-interfering RNA (siRNA)
---------------------------------------------------

We confirmed the effectiveness of MPHOSPH1 siRNA by Western blotting (Fig. [3](#F3){ref-type="fig"}A). We also examined the levels of pSTAT3 and SOCS3 in embryonal carcinoma cell lines. The expression of MPHOSPH1 was decreased in the MPHOSPH1 siRNA-transfected cells compared to the controls in embryonal carcinoma cell lines. However, the expression levels of pSTAT3 and SOCS3 were rarely altered by MPHOSPH1 knockdown as assessed by immunoblot analysis.

Antimigration, anti-invasion, antiproliferation and anti-colony formation effects of MPHOSPH1 knockdown in embryonal carcinoma cell lines
-----------------------------------------------------------------------------------------------------------------------------------------

Both of the siMPHOSPH1-transfected embryonal carcinoma cell lines, NEC8 and NEC14, showed reduced cell migration and invasion compared to the control siRNA-transfected cells (*p*\<0.001 for both) (Fig. [3](#F3){ref-type="fig"}B, 3C). Similarly, reduced cell proliferation and colony formation were also recognized in NEC8 and NEC14 (*p*\<0.001 for both) (Fig. [3](#F3){ref-type="fig"}D, 3E).

Discussion
==========

High expression of MPHOSPH1, one of the most promising oncogenic targets, has been observed in various tumors, such as urothelial carcinoma of the urinary bladder and hepatocellular carcinoma [@B8], [@B11]. In a phase I clinical trial of a five-peptide cancer vaccine therapy, one of which was derived from MPHOSPH1, combined with cyclophosphamide for advanced gastrointestinal, lung or uterine cervical cancer, the treatment was well tolerated without any adverse events [@B25]. In the same trial, tumor-associated antigen-specific T cell responses were simultaneously induced and significantly associated with longer overall survival. A phase I/II study of cancer peptide vaccine S-288310 including the MPHOSPH1 oncoantigen in patients with advanced urothelial carcinoma of the urinary bladder showed sufficient tolerance and effective induction of peptide-specific cytotoxic T lymphocytes, which were correlated with longer survival for the patients [@B26].

In the present study, the group of patients with non-seminoma TGCTs---i.e., patients with embryonal carcinoma or yolk sac tumor---showed high immunoexpression for MPHOSPH1 (89% and 80%, respectively). In contrast, high immunoexpression for MPHOSPH1 was infrequent (9%) in the patients with seminoma. Significant differences in MPHOSPH1 expression were observed between each of these pairs of groups (i.e., embryonal carcinoma vs. seminoma and yolk sac tumor vs. seminoma). According to the National Comprehensive Cancer Network (NCCN), non-seminoma patients show worse prognosis compared with pure seminoma patients [@B3]. Prognostic information has also been provided by the International Germ Cell Cancer Collaborative Group (IGCCCG) as follows [@B27]. The 5-year survival rate of patients with TGCT in IGCCCG\'s poor risk group approximates 48%; however, there is no poor-risk group in seminoma. Overexpression of MPHOSPH1 in the non-seminoma group might indicate that MPHOSPH1 is associated with worse prognosis in TGCTs.

In addition, our study revealed that high expression of MPHOSPH1 interacted with distant metastasis. According to the AJCC/UICC, patients with distant metastasis are categorized in an advanced stage of at least stage III [@B28]. Hence the relation between MPHOSPH1 and distant metastasis could also indicate that MPHOSPH1 might be associated with worse prognosis.

Therefore, testicular germ cell tumors with MPHOSPH1 overexpression, particularly in the non-seminoma group or patients with distant metastasis, which indicate worse prognosis, may be a new candidate for MPHOSPH1 target therapy.

Previous *in vitro* studies demonstrated that knockdown of MPHOSPH1 results in the death of human bladder cancer cells and reduced proliferation of human hepatocellular carcinoma cells [@B8], [@B11]. Our MPHOSPH1-knockdown embryonal carcinoma cells (NEC8 and NEC14) provided by transfection of siRNA showed suppressed cell migration and invasion compared to the control siRNA-transfected cells. Proliferation and colony formation of embryonal carcinoma cells (NEC8 and NEC14) were also significantly decreased by MPHOSPH1 knockdown. Our results thus support the idea that MPHOSPH1 target therapy could be of benefit for embryonal carcinoma patients.

In a previous report, attenuating MPHOSPH1 inhibited hepatocellular carcinoma cell proliferation in a manner of blocking STAT3 phosphorylation, prolonged mitosis and induction of apoptosis [@B11]. STAT3 has been reported to contribute to tumor progression in some kinds of malignant neoplasms, such as colorectal adenocarcinoma and ovarian carcinoma [@B29], [@B30]. Immunoreactivity of pSTAT3, which is activated from of STAT3, was also reported to indicate poor prognosis in their cases. On the other hand, another article reported that suppressor of cytokine signaling 3 (SOCS3) was a potential inhibitor of STAT3 [@B12]. In soft tissue leiomyosarcoma and undifferentiated pleomorphic sarcoma, STAT3 was inactivated due to the overexpression of SOCS3 [@B12], [@B13].

Our present study revealed that high expression of MPHOSPH1 was correlated with high expression of pSTAT3 and SOCS3 in TGCTs. When we examined each of the histological components, high expression of MPHOSPH1 was correlated with the high expression of pSTAT3 in seminoma. Thus MPHOSPH1 may participate in STAT3 phosphorylation and the MPHOSPH1-pSTAT3 pathway is thought to be involved in tumor cell proliferation in TGCTs. The correlation between the high expressions of MPHOSPH1 and SOCS3 suggests the possibility that feedback activation participates in the MPHOSPH1-pSTAT3 pathway.

We were not able to show a significant relation between MPHOSPH1 and pSTAT3 in embryonal carcinoma and yolk sac tumor by the histological analysis of these components. However, in comparison to their levels in seminoma, both MPHOSPH1 and pSTAT3 were highly expressed in yolk sac tumor (*p*\<0.001, *p*=0.016). In this study, almost all the cases showed high MPHOSPH1 expression in yolk sac tumor (8 of 10 cases). It might be speculated that the MPHOSPH1-pSTAT3 pathway is activated in yolk sac tumors. However, the lack of significant relation between MPHOSPH1 and pSTAT3 may also have been due to the small number of subjects.

In embryonal carcinoma, MPHOSPH1 and SOCS3 were expressed at significantly higher levels than in seminoma (*p*\<0.001, *p*=0.002). Here again, the lack of significance between MPHOSPH1 and pSTAT3 might have been due to the small number of subjects or the activation of SOCS3 as an inhibitor of STAT3. Alternatively, a pathway other than pSTAT3 might have been involved in the tumor cell growth. Consequently, MPHOSPH1 may be a suitable therapeutic target in TGCTs via the MPHOSPH1-pSTAT3 pathway. To clarify the correlation among MPHOSPH1, pSTAT3 and SOCS3, further immunohistochemical and biological studies using a larger number of cases and cell lines will be needed.

High expression of MPHOSPH1 interacted with younger age in our study. The correlation between high expression of MPHOSPH1 and younger age was considered to have been caused by the bias---namely, the patients with high expression of MPHOSPH1 included more cases of embryonal carcinoma and yolk sac tumor, and those with low expression of MPHOSPH1 included more cases of seminoma. Embryonal carcinoma and yolk sac tumor usually appear in patients in their 20s to 30s. Seminoma has a later disease onset than either embryonal carcinoma or yolk sac tumor: it generally occurs in men in their 30s to 40s but is also seen in men in their 60s and above [@B31]. This is why the relation between high expression of MPHOSPH1 and younger age was recognized in this study.

In conclusion, we analyzed MPHOSPH1 expression in TGCTs and verified the effect of MPHOSPH1 inhibition on embryonal carcinoma cell lines. Many TGCTs, particularly in the non-seminoma group or patients with distant metastases, showed high immunoexpression for MPHOSPH1. The knockdown of MPHOSPH1 was shown to inhibit the migration, invasion, proliferation and colony formation of embryonal carcinoma cell lines. Therefore, MPHOSPH1 could be a new therapeutic molecular target or a target of vaccine therapy for TGCTs, especially tumors with high expression of MPHOSPH1, which tend to show a worse prognosis.
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![Representative immunohistochemical images of MPHOSPH1 (**A**, **D**, **G**), pSTAT3 (**B**, **E**, **H**) and SOCS3 (**C**, **F**, **I**) (original magnification ×200). The columns represent seminoma (SE) (**A**-**C**), embryonal carcinoma (EC) (**D**-**F**) and yolk sac tumor (YST) (**G**-**I**). Note the strong nuclear expression of MPHOSPH1 in EC (**D**) and YST (**G**) compared with that of SE (**A**). Stronger cytoplasmic expression of SOCS3 is also observed in EC (**F**) than in SE (**C**) and YST (**I**). EC (**D**) and YST (**G**) showed immunoreactivity for MPHOSPH1, an evaluated proportion score of 4 (= \>75%), an intensity score of 3 (= strong), and a total score of 12. In SE (**A**), the proportion score was 2 (= 25-50%), the intensity score was 2 (= intermediate), and the total score was 4. Diffuse immunoreactivity for pSTAT3 evaluated as a score of 2 was observed (**B, E, H**). SE (**C**) and YST (**I**) showed immunoreactivity for SOCS3, with an evaluated proportion score of 4 (= \>75%), an intensity score of 2 (= intermediate), and a total score of 8. In EC (**F**), the proportion score was 4 (= \>75%), the intensity score was 3 (= strong), and the total score was 12. Scale bars indicate 20 um. Abbreviations: SE, seminoma; EC, embryonal carcinoma; YST, yolk sac tumor.](jcav09p4440g001){#F1}

![The proteins extracted from 12 frozen samples were subjected to SDS-PAGE and Western blotting. The expression signals of MPHOSPH1, pSTAT3 and SOCS3 were standardized by that of actin and the ratio was taken as the protein level for each sample. The immunohistochemical scores of the same cases are noted. Abbreviations: SE, seminoma; EC, embryonal carcinoma; YST, yolk sac tumor; N, normal testis.](jcav09p4440g002){#F2}

![The efficacy of MPHOSPH1 knockdown using small-interfering RNA (siRNA). **A**. Protein was extracted from the cell lines at 24 h and 48 h post-transfection. Knockdown of MPHOSPH1 was confirmed by Western blotting (**A**). MPHOSPH1 knockdown significantly reduced cell migration (**B**) and cell invasion (**C**) in both NEC8 and NEC14 (*p*\<0.001 for both). MPHOSPH1 knockdown also significantly inhibited cell proliferation (**D**) and colony formation (**E**) in both of the cell lines (*p*\<0.001 for both).](jcav09p4440g003){#F3}

###### 

Clinical and pathological findings of 75 TGCT patients

  Parameter                                 N = 75       Percentage
  ----------------------------------------- ------------ ------------
  **Age (year)**                                         
  median (range)                            34 (21-65)   
  **Histology**                                          
  Pure SE                                   48           64%
  SE + EC                                   3            4%
  SE + YS                                   2            3%
  SE + YS + CC                              1            2%
  SE + Teratoma                             4            5%
  Pure EC                                   9            12%
  EC + YS                                   5            7%
  EC + Teratoma                             1            1%
  YS + Teratoma                             2            3%
  **Pathological T stage**                               
  pT1                                       39           52%
  pT2                                       27           36%
  pT3 and pT4                               9            12%
  **LN metastases**                                      
  Present                                   24           32%
  Absent                                    51           68%
  **Distant metastasis**                                 
  Present                                   14           19%
  Absent                                    61           81%
  **Tumor marker (any of LDH, AFP, HCG)**                
  Elevated                                  49           65%
  Normal                                    26           35%
  **Vascular permeation**                                
  Present                                   31           41%
  Absent                                    44           59%
  **Lymphatic permeation**                               
  Present                                   21           28%
  Absent                                    54           72%

Abbreviations: SE, seminoma; EC, embryonal carcinoma; YST, yolk sac tumor; CC, choriocarcinoma

###### 

Immunostainning result of 86 TGCT components

  --------------------- ------------------------ ------------------------- --------------------
  **MPHOSPH1**                                                             
                        **Score 0-8 (n = 57)**   **Score 9-12 (n = 29)**   ***p* value**
  Seminoma              53 (91%)                 5 (9%)                    SE-EC: *p* \<0.001
  Embryonal carcinoma   2 (11%)                  16 (89%)                  SE-YS: *p* \<0.001
  Yolk sac tumor        2 (20%)                  8 (80%)                   EC-YS: *p* = 0.374
                                                                           
  **pSTAT3**                                                               
                        **Score 0 (n = 46)**     **Score ≧1 (n = 40)**     ***p* value**
  Seminoma              36 (62%)                 22 (38%)                  SE-EC: *p* = 0.255
  Embryonal carcinoma   8 (44%)                  10 (56%)                  SE-YS: *p* = 0.016
  Yolk sac tumor        2 (20%)                  8 (80%)                   EC-YS: *p* = 0.205
                                                                           
  **SOCS3**                                                                
                        **Score 0-8 (n = 57)**   **Score 9-12 (n = 29)**   ***p* value**
  Seminoma              43 (74%)                 15 (26%)                  SE-EC: *p* = 0.002
  Embryonal carcinoma   7 (39%)                  11 (61%)                  SE-YS: *p* = 0.267
  Yolk sac tumor        7 (70%)                  3 (30%)                   EC-YS: *p* = 0.176
  --------------------- ------------------------ ------------------------- --------------------

###### 

MPHOSPH1 expression and clinicopathological variables

  --------------------------------------------------------------------------
  Germ cell tumor total         MPHOSPH1 expression                  
  ------------------------ ---- --------------------- -------------- -------
  Age                           31.8 (21-56)          37.6 (21-65)   0.02

  ≧pT2                     41   16                    25             0.32

  ≧N1                      26   9                     17             0.91

  ≧M1                      16   11 (38%)              5 (9%)         0.001

  Tumor marker elevated\   59   23                    36             0.12
  (any of LDH, AFP, HCG)                                             

  lymphatic permeation     23   7                     16             0.7

  vascular permeation      35   14                    21             0.32

  pSTAT3 high expression   40   19 (66%)              21 (37%)       0.01

  SOCS3 high expression    51   23 (79%)              28 (49%)       0.007
  --------------------------------------------------------------------------
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